Abstract. Innovation is widely considered as an engine of economic growth, competitiveness and job creation. As such it has become a hot policy topic over the last years, especially on regional and national levels. Thus, it is vital to analyze and evaluate innovation activities, whether they are dispersed or concentrated in space. This article address the question: are innovations spatially clustered or not?
INTRODUCTION
When characterizing nowadays market economy, we frequently use adjectives such as "turbulent", "dynamic", "disruptive", "unpredictable" and so on. All of these labels have one thing in common; they reflect a dominant feature of our times -rapidly changing business environment. There are many factors causing this: technological advances, unconstrained financial flows, increasing number and mobility of knowledge-intensive workers, changing customer's preferences among the most prominent ones. In order to be able to cope with these environmental frictions, companies have to be active in new product development, exploration of new business opportunities and out-of-the-firm's-boundaries-knowledge-exploration. These activities are then enhancing the innovation process and/or experimentation, both being vital for maintaining the competitive advantage. Due to innovation activities, managers are not at the mercy of external events, but they are empowered to influence and cultivate actively their environment. Innovation is undisputedly considered as the key to growth and long-term success.
The nature of innovation research is very broad, and the research results are inconsistent due to the lack of generalizability of innovation studies (Wolfe, 1994) . We should, therefore, differentiate among various types and attributes of innovation. As regards different types of innovation we can find in literature an enormous number of distinctions such as incremental vs. radical (Ettlie et al., 1984) , technical vs. nontechnical (OECD, 2005) or autonomous vs. systemic (Chesbrough & Teece, 1996) . As with types, there are many ways how to measure innovation activity. In the case of technological innovation Carlino & Kerr (2014) show three possibilities: (1) by the inputs used in the innovation process (e.g., R&D expenditures, VC funding), (2) by intermediate outputs of innovation efforts (e.g., the number of patents) or (3) a final measure of innovative activity such as a new product.
There is a vast body of literature examining the organizational context of innovation studying the best set of organizational structure, properties and factors enabling innovative processes either on the level of individual firm (Damanpour, 1991; Koberg et al., 2003; Ernst, 2002) or on the industry level (Hrebiniak & Joyce, 1985; Audretsch, 1995) . At the same time, spatial distribution of industries has been a focus of many studies as well (Ellison & Glaeser, 1997; Prevenzer, 1997; Venables, 1996) . We are interested in both issues of innovation activity and spatial concentration, for which we investigate the geographical distribution of innovation activities. Studies examining such spatial distribution of innovation activities are rare (Fornahl & Brenner, 2009 ). Methods and techniques for analyzing economic data with a spatial component in a quantitative way are being named as spatial econometrics. Basic concepts of spatial econometrics are described to a great extent in Anselin (1988) , Pace & LeSage (2009 ), Paelinck & Klaassen (1979 .
The aim of our paper is to consider whether high-performing innovative companies are geographically concentrated, following any spatial pattern, or not at all. We analyze the spatial distribution of innovation activities of Czech firms using anonymous firm-level data from cross-sectional Community Innovation Survey 2010 -2012 (CIS, 2012 . From the geospatial point of view, it is always necessary to display data via maps in order to explore basic geographical characteristics of the mapped phenomenon. According to de Smith, Goodchild and Longley (2015) , maps have been the primary means to store and communicate spatial data. Objects (firms) and their attributes (innovation measures) can be readily depicted, and the human eye can quickly discern patterns and anomalies in a well-designed map (de Smith, Goodchild, & Longley 2015) . In case of this paper, geovisualization of firms' innovations aggregated into districts (Local Administrative Unit 1 -LAU1) of Czech Republic was used. Nevertheless, calculations of particular innovation activities needed to be done beforehand. The presented here geovisualizations thus demonstrate the selected results of innovations performed by firms. This article is structured as follows: we begin our study by reviewing literature concerning various aspects of innovation activities and their spatial distribution. Next we follow with a discussion of our research design, and our results. In the last section we highlight the theoretical implications of our findings, also discussing the study's main limitations, and suggest the course for future research.
THEORETICAL BACKGROUND
In this section, we review the theoretical basis supporting the hypotheses that high-performing innovative firms tend to be concentrated in geographic and industrial clusters rather than being isolated. Based on the literature we present main forces and factors leading to the agglomeration of innovative activities.
Industry clusters
The idea of the benefits of industry clustering embodied mainly in positive agglomeration externalities serving as a catalyst for economic growth has been around for a very long time (Marshall 1920) . There are many examples of that phenomenon e.g. Silicon Valley for IT technology, London City and Wall Street for financial services and even Hollywood for a film industry. In some cases, the geography itself presents obvious natural advantages that result in cluster formation. That is mainly a case of primary sector of the economy including agriculture, fishing, mining and forestry.
There exist a plenty of different forces and factors which give rise to a spatial concentration of industrial activity. Companies with similar competencies and needs or complementary interests tend to congregate around each other. The other strong motivation is cost-effectiveness as the geographical proximity lowers the cost of transporting goods, people and ideas too. Reduction of transportation costs is evident as it stems from the co-location of customers and suppliers. Porter (1998) indicates that the possibility of local outsourcing enables companies to reduce production costs by maintaining leaner inventories.
When firms locate in a cluster, firms can benefit from a pool of skilled workers and expertise, making it easier to hire new workers when labor demand increases and facilitating better matching of workers to jobs (Berliant et al. 2006) . The agglomeration also makes easier access to various ancillary services which in turn lower the costs even further.
The presence of strong industrial clusters also delivers advantages for regional development. Literature indicates that areas with strong clusters produce more economic growth (Krugman 1991) , more jobs and stronger wage growth (Wennberg & Lindquist 2010) , increased entrepreneurial activity (Kuechle, 2014) , and more intellectual property-such as patents-than other areas (Carlino et al. 2007 ).
Knowledge spillovers
One of the most important and discussed effects of agglomeration are knowledge spillovers. We can define knowledge spillovers as a certain form of non-market interaction in the form of externalities where the technical, scientific or market information becomes some kind of a public good (positive external effects). These interactions are decreasing significantly with increasing spatial distances among the specific knowledge sources and companies. It means that when companies are in proximity to each other, to competitors, suppliers and especially to scientific centers such as universities, RD labs, etc. the informal exchange of ideas is more likely (Freeman, 1991) . And that this proximity can facilitate the spread of tacit knowledge and information sharing.
Tacit knowledge is not easily codified and interpreted; it is locally bounded so that there is a need for regular face-to-face interactions and a certain level of trust to be able to share it. On the other hand, it is the tacit knowledge rather than common information which is crucial for any breakthrough innovation. Due to the nature of tacit knowledge, the possibility of its sharing is a function of the distance as knowledge spillovers operate at the smallest spatial scales (Carlino & Kerr 2014) , and their effects rapidly decay with distance (Henderson 2007 ). These findings also have an important connection to the concentration of innovative activities as they imply that companies operating in specific industry domains are located near each other and close to universities and scientific centers in order to have access to new knowledge.
Public policy -supporting measures
Innovation has become a hot policy topic over the last years. Nowadays the innovation is said to be a key to increasing the economic growth, sustain competitiveness and create new jobs. That is why the decision-makers got actively involved in the design and implementation process of various innovation support systems on regional, national and even EU level (Ďuricová, 2015) .
There are many initiatives to encourage development and concentration of innovation, attempts to improve innovative capacity of companies such as measures to assist the transfer and utilization of technology, increasing the human resources competence, etc. Behind these efforts, there is a broader aim of improving the competitiveness of the whole economy. The question is how effective (in economic terms) these measures are and on what assumptions and evidence are they based.
It is perhaps a dream of every policymaker to "create" a next Silicon Valley. But as the empirical evidence shows (Chatterji, et al. 2014 ) the problem of creating the whole ecosystems underlying clusters of innovation is too complex for any targeted policy interventions. Rather the policymakers should focus on measures aimed at enabling an environment for innovation such as flexible labor market policies, highquality education systems, functioning infrastructure, R&D tax cuts and most importantly easing the administrative and regulatory barriers to entrepreneurial activities.
DATA AND METHODS

Data
We use the results of the sixth round of the Community Innovation Survey held in 2013 for the Czech Republic on data from -2012 (CIS 2012 . As the CIS is conducted every three years, its 6 th round is to date of this paper the most recent one for exploring innovation activities on national level. The CIS 2012 uses harmonized questionnaire for all EU member states and as such presents unique and reliable source of data regarding innovation activities of enterprises of different size, age, and industry. The huge advantage of the CIS 2012 is the long-term experience with methodological issues related to the innovation activities using revised version of the Oslo Manual 2005, involving data on technical types of innovation (product and process) as well as on the long underestimated findings on non-technical innovations (marketing and organizational). At the same time, it has gained external validity because the same questionnaire has been used in most European countries.
Data for CIS 2012 were gathered in 2013 by questionnaire sent to all enterprises with ten or more employees, stratified by size and economic activity. The survey cover manufacturing as well as service firms. In total 5,449 responses were received with 80% rate of useful answers.
The main constraint of using CIS, as highlighted by Armbuster et al. (2008) , regards the three years time lag which can lead to incorrect results. Different types of innovation activity can have different lifecycles and enterprises might benefit from them for more than three years so that the firms introducing the innovation earlier are supposed here to be non-innovators. Anyway, this is not a case on a larger scale and for a majority of innovative actions, the three years time-span provides sufficient time to cover the internal and external changes and their impact on other activities of a firm.
From a geospatial perspective, it is always beneficiary having data at the most detailed level in the sense of geographical scale. Although the CIS survey is realized at the firm-level, the resulting data set is anonymized. Thus, it is not possible to identify an individual subject for its accurate localization. Besides, Czech Statistical Office offers data at the LAU1 level, because 5,449 respondents would be very sparsely dispersed throughout the Czech Republic when displayed at firms' original locations. Nevertheless, there are 77 LAU1 districts in the Czech Republic and all of them are represented in the CIS 2012 dataset.
Measures
As we want to obtain a full picture of the innovation activity of Czech firms we use four different types of measures which belong to two broader groups of innovation measures. The first one relates to the investments in the innovation process and is measured by the inputs utilized in the innovation process (in our case R&D investments). The second group of measures focuses on the final output of the innovative work e.g. new products and/or processes introduced.
a) Technical innovation
Technical innovation is a composite binary variable merging information on product and process innovations. In CIS 2012 the product innovation is the market introduction of a new or significantly improved good or service with respect to its capabilities, user-friendliness, components or sub-systems. It must be new to the respondent but not necessarily to their market. The process innovation, on the other hand, is the implementation of a new or significantly improved production process, distribution method, or supporting activity.
b) Non-technical innovation
This measure is again a composite binary variable consisting of organizational and marketing innovations. The organizational innovation is a new organizational method in respondents' business practices (including knowledge management), workplace organization or external relations that have not been previously used. It must be the result of strategic decisions taken by management excluding mergers and acquisitions. The marketing innovation is the implementation of a new marketing concept or strategy that differs significantly from respondent' existing marketing methods and which has not been used before. It requires significant changes in product design or packaging, product placement, product promotion or pricing excluding seasonal, regular and other routine changes in market methods.
c) Radical innovation
Radical innovation is a binary variable referring to a new or significantly improved product (good or service) introduced during 2010-2012 which was new-to-the-market (it may have already been available in other markets). Radical or sometimes called disruptive innovation encompass higher order innovations that have an enormous market potential, and that comprise technological advances so significant that no increase in scale, efficiency, or design can make older technologies competitive (Tushman & Anderson, 1986) . In our context, we use this measure as a clear indicator of highly innovative activities of a firm.
d) R&D intensity
The extent or better say the intensity of R&D activities is shown as a crucial measure of innovativeness of individual companies. Many studies demonstrated a clear positive impact of these activities on business performance measured as the number of new products to market and financial terms. We calculated the variable as a proportion of total R&D costs on turnover of the companies within districts in 2012.
Methods
In this paper, we predominantly use descriptive statistics in combination with basic geospatial methods. We use visualization techniques provided by the ArcGIS for Desktop 10.x software. Firstly, it was necessary to prepare the dataset with calculated measures. We have created four different variables representing the innovation activity of firms in Czech Republic. The variables are described above as "innovation measures", with the information how they were calculated. For descriptive statistics please see the table 1. It shows the mean score, the standard deviation and the minimum and maximum scores. The statistics show that onequarter (25.6%) of firms has introduced technical innovation between 2010 and 2012. Combined with those introducing non-technical innovation (15.7%) we can see that majority of firms (58.7%) have not introduced any innovation between 2010 and 2012. It is not surprising that minority of new products and processes is radical (19.6%) on the other hand the intensity of research and development activities is quite impressive with the score above 12%. Consequently we joined the measures with the spatial information (LAU1 graphical layer). Since both non-graphical (table with measures) and graphical (spatial representation of LAU1 districts) parts of the data contain the unique LAU1 codes, it was possible to join them together. Once we had joined data available in GIS (Geographical Information System) software, the next step was to explore the spatial distribution of firms' innovations via maps. In addition to visualizations themselves, geographic distribution was measured using standard deviation ellipse. This method measures the trend for a set of points or areas by calculating the standard distance separately in the x-and y-directions (for more details see Ebdon, 1988 or Mitchell, 2005 . The ellipse allows us to see if the distribution of features is elongated and hence has a particular orientation (Mitchell, 2005) .
Our approach for overall innovation evaluation stems from a method used originally by Adams (2011) for determining the distribution of innovation activity in the UK. The concentration of innovative activities is determined by proportions at the level of LAU1 district. First, scores S for each LAU1 district (i) across a range q={a, b, c, d} of abovementioned innovation measures (q), are calculated as follows: = Where for each LAU1 district Iiq is the number of companies from LAU1 district i registering any level of activity in innovation measure q, and Ri is the total number of respondents R from given LAU1 district i.
Then the scores Siq are ranked, the LAU1 districts that comprise the upper decile of each innovation measure can be identified. So, districts with concentrated innovative activity are those that appear at the top of a list of rankings which are based on the proportions of respondents active in a series of innovation measures on the total number of respondents in a given district. Each time a LAU1 district appears in upper decile of the innovation measure rankings receives one point. The final ranking of LAU1 districts is made in order to see whether there are any LAU1 districts consistently appearing in the upper decile of innovation measures.
Resulting map with final ranking points is complemented by four maps showing sub-ranking highlighting upper decile of individual measures. Furthermore, the final ranking points map contains basemap showing the overall ratio of firms' innovations in a LAU1 district and a total number of respondents.
RESULTS
Since the major output of this paper is geovisualization of firms' innovation activities, the results will be discussed in this manner. Individual measures are displayed in Figure 1 , where only those LAU1 districts ranked in upper decile are depicted. At first glance, there is no distinct pattern of innovations' spatial concentration. Ideally, high-performing LAU1 districts (those in the first decile of the ranking) would be grouped into one or two spatial clusters. The two-member cluster was formed only in three cases -nontechnical innovation, radical innovation and R&D intensity measure (one cluster per each measure). Therefore, it is necessary visually analyze and evaluate the measures individually at more detailed level.
When looking at technical innovations, it can be seen in which LAU1 districts the most of these innovations took place. Nevertheless, there are no adjacent 1 st decile-ranked districts. It is quite hard to find the link between technical innovation and space/place. Five districts lie in a neighborhood of the major cities (Prague, Brno, Liberec, Zlín and Ostrava), so potentially the technical innovations are tied with the agglomerations. Any of the traditional industrial regions is included in the 1 st decile. Thus, it is supposed that high ratio of technical innovations is the result of piled-up firms multiplication effect.
Regarding the non-technical innovation, there is one cluster formed on the west of the country. It interesting to see, that the majority of the 1 st decile districts in this category are located in the borderlands, which are formed mainly by the rural type of the landscape. From this point of view, it seems that greatest amount of non-technical activities were carried out in the rural border regions (of course with some exceptions, e.g. district in the very northeast part of the Czech Republic, which is an urban area).
Figure 1. Spatial distribution of LAU1 districts ranked in the upper decile according to individual measures
Radical innovations represent new or significantly improved product which are new-to-the-market. From the geospatial point of view, districts with highest scores in this measure are located outside the most populated regions, but some of them in the regions with county major cities (i.e. Pilsen, Liberec, Pardubice, Jihlava). There are districts with proximity to major cities and districts lying in rural areas as well; or its combination, i.e. districts in proximity of larger cities and being rural at the same time (for instance Plzeň-jih). In other words, radical innovations took place outside the largest cities, but in districts that are still regionally connected to them. It is a question, whether the firms in these districts are striving to introduce a greater amount of radical innovations in order to increase their competitiveness, or the reason is completely different.
Finally, the spatial configuration of districts in the 1 st decile of R&D intensity measure confirms to some extent the assumption of very close research cooperation between firms and local universities. All four biggest cities, namely Prague, Brno, Ostrava, and Plzeň, are ranked to be in the 1 st decile of the R&D intensity. Nevertheless, there are districts with a high ratio of R&D in more or less rural regions (both in inner-periphery and borderlands).
Overall spatial distribution of innovation activities intensity is depicted in Figure 2 . The map shows a total number of points per districts ranked in upper decile. It represents a synthesis of maps in Figure 1 , which allows identifying regions with clustered districts by the innovation. As the individual measures were spatially dispersed throughout the Czech Republic, consequently the maximum innovation score were two points -meaning that LAU1 district appeared in the 1 st decile only twice. . The spatial trend was evaluated by the standard deviation ellipse, whichspatially delimits features (in this case LAU1 districts) by the standard deviation of their location. In other words, LAU1 districts outside the ellipse tend to have no spatial relationship with those within the ellipse. This may be interpreted as a "service area" of innovations' diffusion. The similar interpretation could be made for all groups of LAU1 districts. There should be noted that standard deviation ellipses could be calculated for at least three features (districts). From Figure 2 , it is evident, how highly-innovating districts are spread across the country with three main clustered regions. Standard deviation ellipses highlight those regions. The first one is located western from Prague with the virtual center in Rakovník district. Districts containing Prague and Plzeň, as the biggest cities in this region, are included in this group. The second group of districts reaching the 1 st decile at least once is in the southeastern part of the Czech Republic around the city of Brno. The significant amount of innovations was carried out in districts around Ostrava (the third identified group). Although this region has been over a long period affected by structural economic problems (e.g. unemployment) due to a heavy industrial orientation, innovations seem to be an important feature of its economy. The rest of the districts in the Czech Republic did not form an innovative region. Geographically, low innovative regions (those with no district ranked in upper decile) are located mainly, with some exceptions, (1) in the borderlands, (2) in rural areas, and (3) in mountainous areas.
Figure 2. Intensity of innovation activities in LAU1 districts
As a basemap (underlying choropleth map), innovation density was calculated and depicted. Innovation density is expressed as the percentage of innovating firms and a total number of firms (respondents). It is interesting that 5 of 23 districts with scores at least one point have more than 60 % innovation density ratio. Only one district, Kolín, with the ratio of 60 % and more of innovating firms was not ranked in the 1 st decile (therefore not being scored). For the rest 18 districts (including the latter one), it means that lower number of firms introduced a significant number of innovations. Nevertheless, districts with high innovation density ratio appear to be highly innovative but not ranked into upper decile. Despite the fact that the most of the surveyed firms reported some kind of innovation in the district, any of it was of great significance. Generally, the worst scenario is the combination of low innovation density and zero scores. Again, the lowest ratio of innovation density is present in LAU1 districts that are (1) in the borderland (especially western part of the Czech Republic), (2) in rural areas, and (3) mountainous areas. Obviously, there are some exceptions, but these are geographically more or less isolated.
DISCUSSION
The aim of this article has been to explore the spatial distribution of innovation activities and the intensity of research and development investments. Particularly, we wanted to investigate whether the highperforming innovative companies are geographically concentrated, following any spatial pattern, or not at all. To do so we analyzed the spatial distribution of innovation activities of Czech firms using anonymous firm-level data from cross-sectional CIS 2012.
As results of our analyses reveal, there is a clear pattern of spatial concentration of innovation activities which are mainly co-located around the biggest Czech cities. Geographically, low innovative regions are located mainly (1) in the borderlands, (2) in rural areas, and (3) in mountainous areas. Especially in the case of inner rural peripheries and borederlands, the innovation (in)activity is related with overall problematic socio-economic situation in these regions, which corresponds with findings from recent studies on the rural areas (e.g. Pászto, et al., 2016; Perlín, Kučerová & Kučera, 2010) .
These findings are complementary to prior studies on industrial clusters (Ellison & Glaeser 1997; Audretsch, 1998) that focus mainly on the factors and benefits of agglomeration of industrial sectors, both manufacturing and services. Our empirical results enrich the industrial cluster perspective by involving the innovation activities and vice versa broaden the scope of innovation literature by taking into account the underlying forces of agglomeration of industrial activity, including spatial aspects. In our work we show that both industrial activity and innovation activity follow the same pattern of concentration so that there is a high probability that both of these phenomena are mutually interdependent and influenced by the same forces and factors.
The implications of our findings are dealing mainly with regional development policymaking. As it seems there should be a more targeted approach in supporting innovation activities mainly in the regions on periphery. The support should aim at strengthening ties among various enterprises and knowledge centers in order to extend the spillover effects to areas further from the industrial clusters and knowledge centers.
In this direction our research has also a clear value on the European level as the support of structurally weaker regions is at the cornerstone of the EU. We can argue that due to the massive resources poured in the regional development during the last decade we foresee more innovation activities in peripheral regions and more dense ties between industrial clusters and less-developed areas.
Future research avenues should deal with space-time analysis between two adjacent periods of the CIS survey. Furthermore, advanced spatial statistical tools (e.g. spatial clustering, local indicators of spatial association, spatial correlation, etc.) could be applied to describe the datasets more quantitatively. It would also be interesting to find out relations with other types of data available (e.g. demographic, macroeconomic, (un)employment data and so forth) in order to be able to explain in more detail the various forces of a concentration of industrial as well as innovation activities. There is also a room for assessing the effectiveness of the EU regional development policies and measures which are aimed at boosting innovation and growth in weaker regions. Further research could tap into that issue by comparing data on innovation activities before the support from EU structural funds with recent situation.
There are also some limitations. Due to the nature of CIS survey methodology (e.g. randomly selected sample, reliability of answers, firms ID anonymization), it is obvious that there is some degree of uncertainty in data. Nevertheless, the bias needs to be accepted since there is no other effective/realistic way how to obtain this kind of data. The sample of 5,449 firms answering the survey is sufficient enough for any meaningful quantitative analyses.
CONCLUSION
This article addresses spatial distribution of innovative activities in the Czech Republic in 2010-2012. Building on the industrial cluster, innovation, and knowledge spillover literature, this study developed and tested a model investigating the patterns of concentration of innovation activities within agglomeration centers. As the enabling environment for innovation and industrial activities is a very hot topic especially among policymakers, we see abundant possibilities for further research. There is a vast body of literature dealing with innovation alone without insights from the industrial cluster perspective, and spatial aspects. Based on our results, we see an opportunity in closer cooperation between these theoretical approaches in order to explore the underlying factors enhancing both phenomena.
